introduction
Today the prognosis of Hodgkin lymphoma (HL) constitutes one of the best in oncology. As of 2007, the 5-year overall survival is 86% [1] despite a recurrence risk of 10%-15% for early-stage disease and up to 30% for advanced disease [2] . These favorable overall outcomes are explained not only by effective first-line treatments, but also availability of successful secondary interventions for recurrent disease employing highdose therapy and autologous stem-cell transplantation (ASCT). The latter has an overall cure rate of 50%-60% [2] . Advanced disease stage (stage III and IV) at relapse has been identified as a negative prognostic factor for ASCT [3, 4] . However, several questions remain: Does routine testing in the absence of symptoms lead to earlier diagnosis of recurrent disease? Does † A preliminary analysis of the results reported in this paper was presented at the meeting of the American Society of Clinical Oncology in Chicago, Illinois in June 2011. These questions have yet to be answered in a prospective and definitive way. Existing guidelines are based on consensus and speculation [5] [6] [7] [8] . With regards to the role of imaging in the follow-up after completion of therapy, the National Comprehensive Cancer Network (NCCN) recommends chest imaging [chest X-ray or computed tomography (CT)] every 6-12 months during the first 2-5 years and an abdominal/ pelvic CT every 6-12 months for the first 2-3 years [5] .
A few retrospective trials have examined this question. Radford et al. examined the effectiveness of routine clinical review in detecting relapsed disease and reported that 81% of relapses were discovered by the patient [9] . Routine use of CT was found to detect only a small minority of relapses [10] and was not found to be cost-effective [11] . Routine surveillance with positron emission tomographic (PET)/CT scans in first remission was found to have a low positive predictive value, high costs with no proven benefit [12] . For patients with early disease treated with radiation therapy alone, the method of relapse detection did not have a significant impact on the likelihood of successful additional treatment [13] .
Our study had two objectives. First, to identify the proportion of recurrences noted by the patient as a result of new symptoms versus those detected via routine physical exams or tests ordered by the physician for asymptomatic patients. Second, to determine whether the method of detection of relapse is associated with significant differences in the time to diagnosis of relapse and postrelapse progressionfree survival (PFS) and overall survival (OS).
methods
Following approval from the University of British Columbia-British Columbia Cancer Agency (BCCA) Research Ethics Board, we employed the BCCA Lymphoid Cancer Database, which prospectively collects comprehensive data on patients with a diagnosis of HL seen in British Columbia (BC) and contains information on 2531 patients with HL diagnosed between 1 April 1981 and 1 November 2011, to identify all patients with relapse of disease following a first confirmed CR of at least 3 months duration. We included patients aged between 15 and 65 years at the time of initial diagnosis. We excluded patients with primary refractory disease, and those with prior invasive cancers or positive serology for the human immunodeficiency virus. Of the 1917 patients (76%) with an initial CR, we focused on the 279 who relapsed >3 months later. After careful chart review, we excluded patients who had a different lymphoproliferative disorder at relapse (n = 6), refused or were ineligible for treatment (n = 4) or had ambiguous or missing information at relapse (n = 11).
After exclusions, we reviewed the remaining 258 cases to determine the proportion of recurrences detected as a result of new symptoms (PT group) versus routine preplanned physical exams or tests ordered by the physician in the absence of symptoms (MD group). We collected information regarding the nature of the presenting symptoms and the nature of the routine tests used by the physician to detect relapse. We then applied descriptive statistics to characterize and distinguish the PT and MD group. We used the Kaplan-Meier method to estimate survivals and log-rank comparisons to study the differences between the groups with regards to time to diagnosis of relapse and postrelapse PFS and OS. Time to diagnosis of relapse was defined as the time from original diagnosis of the HL to the time of notation by the patient (PT group) or physician (MD group) of the symptom or sign that led to detection of the relapse. Postrelapse PFS was the time from diagnosis of relapse to next relapse or death from any cause with patients free of relapse censored at the date of last follow-up. Postrelapse overall survival (OS) was the time from diagnosis of relapse to death from any cause with living patients censored at the date of last follow-up. Cox regression was used to adjust for potential confounders, including age at relapse (categorized as ≤50, 51-65, 66-75 or ≥76 years), sex and initial stage. All analyses were carried out using SAS for Windows version 9.2.
results
The characteristics at initial diagnosis of the patients in the PT and MD groups are shown in Table 1 and did not differ significantly. Of the total 258 relapses, 182 (71%, PT group) were brought to the attention of the physician by the patients themselves, most commonly because of recurrent lymphadenopathy (37% of all recurrences), B symptoms (19%), cough (8%) or other symptoms (7%). The remaining 76 relapses (29%, MD group) were detected in asymptomatic patients by the physician. Imaging accounted for the detection of most of these relapses (22% of all recurrences), mainly by chest X-ray and CT scan (9% and 7%, respectively). Physical exam accounted for the detection of 4% of all relapses. Laboratory tests, mostly complete blood counts and liver enzymes, lead to the detection of 2% of all relapses.
The median time to diagnosis of recurrence was similar in both groups (PT group = 1.65 years; MD group = 1.95 years; P = 0.69). The postrelapse 5-years PFS did not differ significantly between the groups (PT group = 58.2%; MD group = 59.5%; P = 0.26) ( Figure 1A) , nor did the postrelapse 5-years OS (PT group = 78.3%; MD group = 86.0%; P = 0.40) ( Figure 1B) . Adjustment for age, gender and initial stage using a Cox proportional hazards model did not change these conclusions Table 2 .
discussion
We found that patients are much more likely to detect recurrence of HL than their physicians employing routine follow-up tests. More importantly, there was no difference in PFS or OS after relapse whether recurrence was detected by the patient or through routine screening by the physician. We could not demonstrate any benefit from early detection of HL recurrence with screening tests carried out on asymptomatic patients. In particular, we found that detection of relapse by the physician using routine preplanned tests did not confer any advantage in terms of subsequent PFS or OS. This strongly suggests that even more intensive, and therefore costly, surveillance is unlikely to prove advantageous. These findings are consistent with and validate the conclusions of previous smaller studies [9] [10] [11] [12] [13] with shorter follow-up. A study analogous to ours but examining second malignancies in testicular cancer survivors yielded similar results [14] . In light of the fact that most recurrences are detected by the patient, routinely reminding the patient of the importance of reporting any persistent new symptoms might further enhance detection of relapses, which can be done simply and at no cost. The currently published guidelines for follow-up of patients in CR of HL are based on consensus and expert speculation rather than high-quality comparative data. They recommend routine imaging despite the lack of evidence that such follow-up improves the outcomes of recurrent HL. On the other hand, the disadvantages of routine imaging are numerous. First, exposure to ionizing radiation has well-documented potential deleterious health consequences [15, 16] . CT and PET scans in particular may pose a significant health hazard by exposing cured patients, many of whom have already received substantial exposure to such radiation during initial diagnosis and treatment, to excessive levels of ionizing radiation. The average CT scan of the chest, abdomen and pelvis exposes the patient to ∼20 millisieverts (mSv) [15] . If NCCN guidelines, for instance, are strictly followed, the cumulative dose from follow-up alone over a period of 5 years may exceed 120 mSv. Recent evidence suggests that for every 10 mSv of ionizing radiation, there is a 3% increase in the risk of age-and gender-adjusted cancer over a mean follow-up period of 5 years (hazard ratio 1.003/mSv) [16] . Assuming a linear relationship between cumulative exposure and risk, the anticipated increased risk of cancer in patients who follow the NCCN guidelines could be as high as 1.36. The possibility that the risk of second malignancy may be this high emphasizes the importance of eliminating unnecessary diagnostic testing.
Other disadvantages associated with routine screening are cost and induction of anxiety. CT is cost-ineffective for the follow-up of patients with HL after initial treatment [11] . In addition, the work-up necessary to investigate false-positives adds not only to the cost, but also to the anxiety of HL survivors. Routine surveillance scans have been found to exacerbate anxiety in long-term lymphoma survivors [17, 18] .
It is reasonable to ask why surveillance testing appears to be ineffective. This reflects the low and rapidly diminishing prior probability of relapse in these patients, which, in turn, reflects the frequency with which patients with HL are cured by primary treatment. In addition, because relapse occurs infrequently there is a high probability of encountering falsepositive test results, which, in turn, are likely lead to additional potentially costly and invasive testing. For example, suppose a test is carried out on an asymptomatic patient twice during the period from 18 to 30 months from initial diagnosis. This is approximately the second year of follow-up of treatment and is a fixed interval during which the likelihood that a HL patient will relapse is <5%. If such a test, perhaps whole body CT scanning or PET scanning, has a 5% risk of false positivity, which is probably a low estimate for such complex tests, for each test carried out the probability of being truly positive is only 1 of 20 (5%) and being falsely positive 2 of 20 (10%). In this sense, harm is twice as likely as gain. Greater frequency of testing, such as every 3 months as suggested by some authorities, or later application of the testing, for example during the fourth year of follow-up during which the risk of relapse has fallen to <2%-3% for that year, only exacerbates the risk of false positivity and cost-ineffectiveness, because the likelihood of relapse diminishes but the probability of false positivity remains constant. Our study has several potential limitations. First, because this experience reflects a mix of academic and community hematology-oncology practices and spans 30 years of experience the type and frequency of follow-up exams could not be rigidly required of physicians and patients nor could we accurately capture the frequency of their performance in our database. However, given that the baseline characteristics of the two groups were similar (Table 1 ), in particular with regards to prognostic indices, there is no reason to believe that the intensity of follow-up differed between them. In addition, any bias toward a greater tumor burden and therefore worse prognosis should have disproportionately adversely affected the patients found to have recurrence due to self-detected symptoms, but these patients did just as well as those whose relapse was identified by the physician. Finally, we did not uncover any evidence that the ratio of patient-to physiciandiscovered relapse changed over the three decades of our study despite the ever increasing availability and sensitivity of imaging equipment (Table 1) . A second limitation reflects the 30-year period that our database spans during which the types of tests available for follow-up have changed (Table 1) . To minimize this potential source of bias, we only included patients managed since 1981 when CT scanning became widely available in BC and follow-up guidelines became uniformly available. Also, of note, reflecting our exclusion criteria, our findings apply only to patients who relapsed after entering a first CR. Patients who achieve true partial responses or have primary refractory disease may benefit from a different approach to follow-up. Thirdly, the data collected reflect the experience within a single Canadian province where health care is publicly financed and universally available. This may theoretically limit its applicability to other settings where availability of testing may be dependent on ability to pay; however, it seems most likely that the cost implications in such systems would amplify the value of avoiding unproductive testing. Thus, it appears unlikely that relapse detection would follow a more favorable pattern in healthcare systems where there are financial obstacles to obtaining diagnostic tests. Finally, our study has not examined the role of routine followup testing for detection of long-term complications of therapy such as secondary malignancies, cardiovascular diseases or endocrine disorders.
In conclusion, our study does not demonstrate any benefit, in the absence of symptoms or suggestive physical examination findings, to performing laboratory testing or imaging of HL patients who have maintained first CR for at least 3 months. Given the significant risks and potential toxicity of such follow-up testing, in particular exposure to high cumulative doses of ionizing radiation and induction of anxiety, current guidelines are difficult to justify and should be reviewed. In addition, prospective trials should also be considered to help define the optimal follow-up of HL survivors.
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